High-Pressure Research Applications Seminar by Manghnani, Murli H. et al.
Eos, Vol. 67, No. 17, April 29, 1986 
1 r 
1573 K 
10 s s 1 
! I 1 J J 
10 10* i o 3 
grain size M m 
Fig. 4. E x p e r i m e n t a l d e t e r m i n a t i o n of 
t he b o u n d a r y be tween the reg imes in 
which diffusion a n d dislocation c r e e p 
d o m i n a t e t h e d e f o r m a t i o n of synthet ic ol­
ivine aggrega tes . I n the diffusion c r e e p re ­
g ime (small g ra in size, low stress), t h e flow 
stress is sensitive to gra in size, a n d the 
flow is a p p r o x i m a t e l y Newton ian . I n t he 
dislocation c r e e p r eg ime (large g ra in size, 
h igh stress), t h e flow stress is insensit ive to 
gra in size, a n d t h e s t rain ra te varies as t he 
th i rd o r f o u r t h p o w e r of stress. T h e p res ­
ence of wate r lowers t he flow stress in 
bo th reg imes , as may be seen by c o m p a r ­
ing the s t r e s s -g ra in size curves for d r y 
a n d wet spec imens (Kara to , Pa te r son a n d 
Fitz Gera ld ) . 
by J . A. Xu , H.-K. Mao , a n d P. M. Bell at t he 
Geophysical L a b o r a t o r y of t he C a r n e g i e Insti­
tu t ion of W a s h i n g t o n . T h i s p r e s s u r e r a n g e 
encompasses t he en t i r e e a r t h f rom surface to 
core (central core p r e s su re s a r e es t imated to 
be 3.5 Mbar ) , as well as p r e s su re s equiva len t 
to the u p p e r man t l e s of t h e g iant p lane ts . 
T h i s e n h a n c e d ability to synthesize mine ra l 
phases , m e a s u r e the i r p rope r t i e s , a n d observe 
the i r behav ior will resul t in i m p r o v e d evalua­
t ion of mode l s of e a r t h a n d p lane ta ry inter i ­
ors . 
T h e h i g h - p r e s s u r e e x p e r i m e n t s to 5.5 
M b a r involved i m p l e m e n t a t i o n of new des ign 
concepts for t he d i a m o n d anvil a p p a r a t u s . I n 
a p rev ious e x p e r i m e n t t h e m a x i m u m pres ­
su re achieved was a p p r o x i m a t e l y 2.8 Mbar , 
bu t the p r e s s u r e cal ibra t ion h a d to be d o n e 
indirectly f rom load calculat ions. T h e shift of 
the fluorescent l ine of r u b y crystals p laced in 
t he sample , which is no rma l ly e m p l o y e d as an 
in te rna l p r e s s u r e s t a n d a r d , could no t be used 
in the ear l ier e x p e r i m e n t because of s t r o n g 
in te r fe rence f rom d i a m o n d anvil fluorescence 
at p re s su res above 2.7 Mbar . I n t he new ex­
p e r i m e n t s t h e o v e r l a p p i n g d i a m o n d emission 
was f o u n d to d i s a p p e a r at p r e s su re s above 3 
Mbar , a n d t h e r u b y p r e s s u r e cal ibrat ion scale 
could be e m p l o y e d o n c e again . T h e a p p a r a ­
tus is suitable for e x p e r i m e n t s with silicates, 
metals , a n d solidified gases. T h e s e new m e t h ­
ods will facilitate t he s tudy of m i n e r a l physics 
u n d e r e x p e r i m e n t a l cond i t ions tha t dup l ica te 
t he n a t u r a l condi t ions of t h e ea r th ' s in te r ior . 
Editor's Note : Br ief s u m m a r i e s of signifi­
cant new e x p e r i m e n t a l o r theore t ica l resul ts 
of in teres t to t h e m i n e r a l physics c o m m u n i t y 
a re welcome. Please s end i n fo rma t ion to t he 
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T h e 14th G e n e r a l M e e t i n g of t he I n t e r n a ­
t ional Mineralogical Associat ion ( IMA) will b e 
he ld in S tanford , Calif., J u l y 1 3 - 1 8 , 1986. 
Several symposia at this m e e t i n g will b e of 
special in teres t to t he m i n e r a l physics com­
muni ty . T h e s e sessions inc lude 
• Mineralogical Appl ica t ions of Synchro ­
t r o n Radia t ion 
• S t ruc tu ra l Classification of Minera ls 
• T h e r m o d y n a m i c s a n d Kinetics of Minera l 
React ions 
• O r d e r i n g , T r a n s f o r m a t i o n s , a n d M o d u ­
lated S t ruc tu res in Phyllosilicates 
• S t ruc tu ra l a n d Magnet ic Phase T r a n s i ­
t ions of Minera ls 
• Physics a n d Chemis t ry of Mant le Miner ­
als 
• Appl ica t ions of solid-state Nuc lea r Mag­
netic Resonanace (NMR) to Minera ls 
• Defect S t ruc tu re s in Minera ls 
• Elec t ron Microscopy of t he Kinetics of 
Minera l T r a n s f o r m a t i o n s 
I n add i t ion , symposia will focus o n specific 
mine ra l g r o u p s , pe t ro logy of igneous rocks, 
optical microscopy, indus t r ia l minera logy , 
a n d o t h e r topics. P lenary lec tures by E k h a r d 
Salje on t he appl ica t ion of o r d e r p a r a m e t e r 
theory to t he t h e r m o d y n a m i c p rope r t i e s of 
phase t ransi t ions a n d by Ian Jackson o n the 
elasticity of man t l e mine ra l s will also be of 
special in teres t to m i n e r a l physicists. 
For addi t iona l i n fo rma t ion on the I M A 
mee t ing , wri te I M A 1986, D e p a r t m e n t of Ge­
ology, S tanford Univers i ty , S tanford , C A 
94305 . 
Quantum Theory and 
Experiment Applications 
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O n Ju ly 2 1 - 2 6 , 1986, a confe rence o n 
q u a n t u m theory a n d e x p e r i m e n t s app l i ed to 
solids will be he ld in Col lege Park , Md. T h i s 
conference will b r i n g t o g e t h e r theore t ic ians 
a n d exper imenta l i s t s f r o m the fields of min­
eralogy, geophysics , solid-state physics, a n d 
chemist ry . Its objectives a r e 
• to e x a m i n e the capabili ty of var ious t heo ­
retical m e t h o d s , i nc lud ing solid-state b a n d 
theory , ionic m o d e l s imula t ion , molecu la r 
cluster theory , a n d qual i tat ive M O b a n d the ­
ory for exp la in ing the p rope r t i e s of solids, 
• to p r e sen t r ecen t e x p e r i m e n t a l da t a o n 
solids at e x t r e m e p r e s s u r e a n d t e m p e r a t u r e , 
defect solids, glasses a n d surfaces to which 
the above m e t h o d s m a y be appl ied , a n d 
• to focus o n some pa r t i cu la r topics of cur ­
r en t a n d fu tu re in te res t to mineralogis ts a n d 
o t h e r solid-state scientists. 
For m o r e in fo rma t ion , contact t he organiz ­
ers : J ack Tossell ( D e p a r t m e n t of Chemis t ry , 
Universi ty of Mary l and , College Park , M D 
20742) o r G. V. Gibbs ( D e p a r t m e n t of Geo­
logical Sciences, Virg in ia Polytechnic Ins t i tu­





A n In t e rna t iona l W o r k s h o p on Aniso t ropy 
and I n h o m o g e n e i t y of t h e L i thosphe re a n d 
A s t h e n o s p h e r e will be he ld on Sep tem­
ber 8 - 1 3 , 1986, at t he Castle of Bechyne , 
Czechoslovakia. T h e con fe rence is be ing or­
ganized by the Geophysica l Ins t i tu te of t he 
Czechoslovakia A c a d e m y of Sciences a n d the 
Ins t i tu te of Geophysics of Char les Universi ty 
in P r a g u e . 
T h e first pa r t of t he w o r k s h o p will focus 
on th ree -d imens iona l seismic m a p p i n g of the 
l i thosphere a n d a s t h e n o s p h e r e a n d on the 
gene ra t ion of p r o p a g a t i o n of seismic waves 
within an iso t ropic a n d i n h o m o g e n e o u s me­
dia. T h e rest of the m e e t i n g will be devo ted 
to cons ide r ing e x p e r i m e n t a l da ta a n d the i r 
appl icat ion to t he i n t e rp r e t a t i on a n d implica­
tions of the velocity var ia t ions in the man t l e . 
Minera l physics has m u c h to con t r ibu te to 
this lat ter discussion, a n d anyone in te res ted 
in par t ic ipa t ing in t he w o r k s h o p is encou r ­
aged to contact V. Babuska , Geophysical In­
sti tute, Czechoslovakia A c a d e m y of Sciences, 
141 31 P r a g u e 4 - Spofilov, Czechoslovakia; 
T e l e x 121330 o r R. C. L i e b e r m a n n , Depa r t ­
m e n t of Ea r th a n d Space Sciences, State Uni ­
versity of New York, S tony Brook , NY 11794. 
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T h e Un i t ed S t a t e s - J a p a n semina r o n 
"High-Pres su re Resea rch Appl ica t ions in 
Geophysics a n d Geochemis t ry" was he ld in 
H o n o l u l u , Hawai i , J a n u a r y 1 3 - 1 6 , 1986, u n ­
d e r the auspices of the Nat ional Science 
F o u n d a t i o n (NSF) a n d the J a p a n Society for 
the P r o m o t i o n of Science (JSPS). T h e semi­
nar , t he t h i rd in a series, was cocovened by 
Murl i H . M a n g h n a n i (University of Hawai i , 
Hono lu lu ) a n d Syun-iti Ak imo to (Universi ty 
of Tokyo) . C o m i n g toge the r for this sympo­
sium were 25 r e sea rche r s f rom J a p a n , 22 
f rom the U n i t e d States, a n d four o the r s , 
f rom Austral ia , t he People 's Republ ic of Chi­
na , t he N e t h e r l a n d s , a n d the Federa l R e p u b ­
lic of G e r m a n y . O f the 52 p a p e r s p r e s e n t e d , 
38 were p r e s e n t e d orally at seven scientific 
sessions, a n d t h e rest were displayed at a 
pos te r session. 
T h e scientific sessions covered a variety of 
state-of-art e x p e r i m e n t a l t echn iques a n d the ­
oretical topics: 
• H i g h - P r e s s u r e T e c h n i q u e s a n d Mel t ing 
E x p e r i m e n t s 
• Shock Wave E x p e r i m e n t s 
• Synthesis , Phase Equil ibria, a n d T h e r m o ­
dynamic P rope r t i e s of Mant le Phases 
• Spect roscopy at H i g h Pressu re 
• Appl ica t ion of S y n c h r o t r o n Radia t ion 
• Lattice D ynamic Studies 
• H i g h - P r e s s u r e Research Appl ica t ions in 
Geophysics a n d Geochemis t ry (poster session) 
• Geophysical a n d Geochemica l Cons t ra in t s 
I n t he o p e n i n g lec ture , A k i m o t o reviewed 
the past , p r e sen t , a n d fu tu re of h i g h - p r e s s u r e 
research in geophysics , emphas i z ing t h e p r o ­
gress m a d e ove r t he past 25 yr in his labora­
tory at t he Univers i ty of Tokyo ' s Ins t i tu te of 
Solid State Physics. T h e highl ights of t h e r e ­
cently d e v e l o p e d h igh -p re s su re t echn iques 
were t he me l t ing a n d p h a s i n g t rans i t ion s tud­
ies tha t u sed laser- a n d res is tance-heated dia­
m o n d anvil cells (DAC). I n t he f o r m e r case, 
tabl ish the age rela tionships of floodplain sur -
faces along th e Little Missouri River in west-
ern No rth Dakota. He documented that a
higher flood plain surface was not a postgla-
cial terrace th at for med from isostatic re -
bound following retreat of the last ice sheet,
as was believed fo rmerly. Cottonwood trees
on th e lower sur face were no older th an 15
yr; cottonwood trees on the upper surface
were no younger than 35 yr. Using this bo-
tan ic evidence as his guide, Everitt docu-
mented th at a lar ge flood in 1947 had caused
extensive cha nn el widening, destruction of all
cotto nwoo d tr ees o n the channel floor, and
form at ion of a pronounced erosional scarp
that was 1.5-3 m high. Cottonwood trees
were the clue to the history of the valley sedi-
ments and landforms produced by th e flood
in 1947 .
Following the d isastrous Christmas flood-
ing in northern California in December 1964 ,
J. 1-1 . Stewart and V. C. LaMarche investigat-
ed the valley of Coffee Creek, Calif., which
was severely modified by the flooding [Stewart
and LaMarche, 1967]. They determined that
many trees to ppled in the flood were fr om
200 to more than 400 yr old . These trees had
survived all previous floods in at least the last
200 yr. Previousl y undisturbed alluv ial fan
deposits along the valley sides were extensive-
ly erod ed. These sed iments were as old as
1700 l4C yr. Bouldery natural levee deposits
were a prominent depositional feature pro -
duced by the flood. Older levee deposits were
wide spread on the valley bottom of Coffee
Creek, and th e highest old deposits were as
mu ch as 0.6 m above the high-water lines of
the 1964 flood . This indicates that flood s
larger th an the flood of 1964 had occurred in
the valley, if it can be assumed that there had
not been extensive valley de gradation.
In mid -June 1965, intense rains caused ex -
traordinary flooding in the South Platte River
basin in eastern Colorado. Bijou Creek, a
tributary to the South Platte River, was se-
verely flooded, and the extensive sand depos-
its from the flood were investigated in detail
by M cKee et al. [1967]. H. F. Matthai of the
U.S. Geol ogical Survey supplied hydraulic
and scour data for the project and suggested
additional locations that had extensive flood
deposits for investigation. McKee et aI. docu-
mented that floodplain sand deposits were
hundreds of meters wide and as much as 3.7
m thick. Thinly bedded horizontal strata,
formed in the upper flow regime, constituted
90-95% of all deposits. Extensive ho rizontal
bedding, in association with climbing ripple
laminations and convolute structures, was de-
termined to be diagnostic of blanket sand de-
posits formed by flash floods.
H . E. Malde investigated the catastrophic
flood caused by the overflow and lowering of
Pleistocene Lake Bonneville at Red Rocks
Pass near Preston, Idaho [Malde, 1968] , about
14,000 yr ago [Scott et al., 1980]. C. T. Jenkins
(U .S. Geological Survey) computed a flood
peak of 0.42 x 106 m3 s- I at a can yon neck
south of Boise , Idaho, for Mald e, by assum-
ing th at the canyo n acted as a gigantic
streamflow measuring device (venturi flume)
and th at th e flood was at critical depth
[M alde, 1968, p. 12]. Flood discharges also
were estimated at nine locations along the
Snake River canyon in southern Idaho by us-
ing Manning's equation and n = 0.03 .
In 1968, P. W. Birkeland estimated the
mean velocity and tractive force necessary to
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tran sport glacial outwash boul ders in the
Truckee River in Cal ifornia and Nevada [Bir-
keland, 1968] . While thi s was not the first at-
tempt to reconstruct hydrauli c param eters
from boulder sizes, it was one of the first re-
pons solely de voted to such paleoh ydr auli c
re con struction s. Paleoflood velocities and
tract ive forces were estima ted by th e Man -
ning equation to be about 9.1 m s-1 and 958-
1437 N m2, respectively, for a flood tran s-
porting 12.2 x 6.1 x 3.0-m boulders in a
flow 12.2-24.4 m de ep at a slope of 0.007.
Values of 11 were chosen to be 0.06-0.08 .
This history of paleoflood hydrology ends
at 1970 becau se th is date marks a thresho ld
in paleoHood inte rest a nd method ology. Be-
ginni ng with the Hood ing caused by Hurri-
cane Camille in 1969 and ending with the
BufTalo Creek, W.Va. , Rapi d City, S.D, and
Hu rricane Agnes Hood s in 1972, in which
nearly 500 lives were lost, major fede ra l laws
such as the Flood Disaster Prevention Act
(public Law 93-234) focused rene wed multi-
disciplinary efforts in flood studies, including
paleoflood hydrology. Since 1970 the re has
bee n an exponential increase in the types and
number of paleoflood investigations. Because
the primary purpose of thi s report is histori-
cal background . 1970 was a logical point at
which to end it. For more info rmation abo ut
post-1970 ways to estimate paleoflood magni-
tude. the papers by Kochel and Baker [1982],
Foley et al. [1984], and WiUiams[1984] are rec-
ommended. A summary of contemporary ap-
proaches to estimate paleoflood frequency
can be found in the work of Costa [1978].
Conclusions
The development of paleoflood hydrology
has been an excellent example of the interdis-
ciplinary cooperation of several specialized
scien ces. Hydrologists and engineers provid-
ed the preliminary.computations, which were
based on energy equations from open chan-
nel hydraulics or sed iment transport, that
were used by geologists in attempting to re-
construct flow characteristics of large Pleisto-
cene floods. Geomorphic, botanic, and sedi-
mentologic evidence was then recognized as
helpful for extending flood frequency esti-
mates beyond the period of record, as well as
for estimating the magnitudeof past large
flows. Paleoflood hydrology ha s not yet been
developed to its greatest potential, but it will
become more and more of an integral part of
water resources in vestigation s [Greis, 1983].
Therefore the origins of th is important sub-
ject need to be documented as well as possi-
ble.
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Thus exciting opportunities in high -pressure
mineral physics lie ahead.
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Mineral physics, like its sister disciplines
geochemistry, petrology, and crystallography,
is a derivative of the old discipline of miner-
alogy. At the turn of the century, mineralogy
was one of the strongest pillars in the Euro-
pean Universit y, but it was weakened by the
loss of these branches, which declared their
independence as they matured. One of the
most importan t roots of solid state ph ysics
also branched off from 19th-century mineral-
ogy-
Yet solid state physics, bound securely in
the Physics Department, developed in a way
that took it further and further from the in-
terests of geological sciences, In the late
1960's, it became evident that a gap existed in
laboratory and theoretical geophysics that was
not filled by the then-existing disciplines of
solid state physics or mineralogy. To 611 this
gap, it was required that the principles of sol-
id state physics be applied to minerals of es-
pecial interest to geophysics.
The gap was wide but not vacant Francis
Birch of Harvard published several classic pa-
pers in the early 1950's and 1960's chat dem-
onstrated the power of using solid state prin-
ciples to attack problems of the solid earth in-
terior. Birch became the role model for a
later generation who called themselves miner-
ai physicists.
The path pioneered by Birch was settled by
scientists who by and large stayed within the
geophysical community and published espe-
cially in the AGU journals. Logically, they
could have published in physics journals or in
mineralogy journals. That they chose to pub-
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lish mostly in geophysics journals may have
been because they were united with other
geophysicists in coordinated attempts to un-
derstand properties and processes of the
earth's interior.
Even within the American Geophysical
Union, those following Birch's path found
themselves to be slightly out of step with oth-
ers in the traditional disciplines of geophysics.
The focus on physical properties of rock-
forming minerals did not harmonize easily
with a focus on geophysical phenomena (e.g.,
earthquakes, volcanos, etc.) . The extrapola-
tion from atomic properties to global proper-
ties was made along a different trajectory
than the one used by seismologists, geode-
sists, and volcanologists. _
For a long while, the followers of the Birch
tradition had no disciplinary name, and they
were identified in national and international
programs under such appellations as "physi-
cal properties of earth's interior" or "physical
properties of geologic materials." It became
important, therefore, to find a name that
could capture the spirit and flavor of scien-
tists who worked on physical problems of
rock-forming minerals. At the occasion of
their organization within AGU, the designa-
tion "mineral physics" was adopted, although
with some reluctance because it did not in-
clude some reference to chemistry. Among
the members of the Mineral Physics Commit-
tee , the word "chemistry" is always implied,
just as work in geochemistry is always implied
in the title "American Geophysical Union."
In Birch 's classic paper "Elasticity and Con -
stitution of the Earth's Interior" (j()U.rnal of
Geoph'Js~al Research, vol. 57, pp . 227-286,
1952), he presented several avenues of analy-
sis:
• the calculation of P ( ) by means of an
equation of state ;
• the determination of thermal properties
from seismic properties by the use of classical
solid state equations;
• the determination of nonhomogeneous
regions from seismic data and the identifica-
tion of some of those inhomogeneities as
high-pressure phase changes arising in oliv-
ine and pyroxene, "possibly close-packed OK-
ides of magnesium, silicon, and iron, similar
in structure to corundum, or rutile, or spi-
nel"; and
• the analysis of seismic data coupled with
solid state equations to support the hypothe-
sis of a predominantly iron core.
Shortly after publishing this historic pape.
Birch published other important papers: ani
showed the significance of shock wave mea-
surements to bear on the question of core
constitution, and in another, he introduced
the idea that physical properties of rock-
forming minerals are controlled primarily b]
density , In his 1952 paper, he anticipated -th
direction of present theory on equations of
state by his statement that "as yet, there are
no complete quantum-mechanical studies fOI
materials likely to be important in the interir
of the earth," clearl y implying the need for
this work.
These research directions formulated or
anticipated by Birch still guide much of the
work of mineral physicists. This is seen by th
contents of the recent report [by WiUiam A.
Bassett of Cornell University, Ithaca, N.Y.],
called "Mineral Physics; Atomic to Global," I
summary of which will be published soon in
Eos. The Mineral Physics Committee of the
American Geophysical Union issued their
Lake Arrowhead study, which described fu-
ture research opportunities for the late 1980
and 1990's. In this report a number of fun-
damental questions about the nature and
dynamics of the earth's interior were de-
scribed, and the contribution that mineral
physics can make to the solution of these
questions were listed as work in the followillj
areas;
• The equation of state;




• The nature and movement of melts;
• Theoretical modeling;
• Transport properties and crystal defecu
• Inelastic deformation;
• Mineral magnetism;
• Behavior of hydrogen and helium at~
pressure and temperature;
• The state of iron in the interiors of ter-
restrial planets;
• Partitioning of lithophilic elements in th
lower mantle;
• Core-mantle boundary
Since about half of these topics were intro
duced by Birch, a claim can be made that
mineral physics as a discipline has a continu-
ous record of 30 years , although a formal
recognition is only 3 years old .
Orson L. Anderso
Chainnan, AGU MineralPhysics Commilir
